Sensitivity of phospholipase C (Bacillus cereus) activity to phosphatidylcholine structural modifications.
The structural features of a phosphatidylcholine molecule important for binding to phospholipase C (Bacillus cereus) have been examined using kinetic analyses of a series of short-chain phosphatidylcholines and analogues. Lipids examined had varying chain lengths, methyl branched chains, phenyl alkanoate chains, and a single fatty acyl chain (lysophosphatidylcholines). A comparison of Vmax and Km for monomolecularly dispersed dibutyroyl-, dihexanoyl- and diheptanoylphosphatidylcholine indicates that the length of the fatty acyl chains must be at least six carbons for efficient binding of the phosphatidylcholine to the enzyme. Enzymatic rates of hydrolysis for pure short-chain phosphatidylcholine micelles of different chain lengths or detergent mixed micelles with comparable concentrations of short- and long-chain phosphatidylcholines show no dependence on substrate chain length greater than six carbons. Methyl branching of short-chain phosphatidylcholines only inhibits phospholipase C activity when the methyl group is adjacent to the carbonyl (e.g., di(2-methyl)hexanoylphosphatidylcholine). In a similar fashion, phosphatidylcholines with phenylalkanoate chains become poor substrates when the phenyl group is near the acyl linkage. As the phenyl group is moved from C-4 to C-2 a large increase in the micellar apparent Km is observed. Chain specificity (sn-1 and/or sn-2 ester linkages) for binding is not absolute, since phospholipase C will hydrolyze micellar short-chain lysophosphatidylcholines at rates one tenth of phosphatidylcholines. In contrast, substitution of ester linkages with ether moieties yields phosphatidylcholine analogues which are even poorer substrates and not good inhibitors of phospholipase C. These results suggest that the carbonyl group and its immediate environment are important for phospholipid interacting with this water-soluble lipolytic enzyme.